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膜在 AAEMFCs 中的应用进行了评估。 





碱化后，最后得到碱性多季铵盐阴离子交换膜（Alkaline anion exchange 
membranes，AAEMs）。根据第一步接枝反应，VBC 接枝率的不同，考察了三个
系列（Membrane#1、Membrane#2、Membrane#3）的阴离子交换膜的物理及电化




-1及 2.6×10-2S cm-1，并且在 20~80℃范围内膜的电导率随着温度的
升高而不断变大。以 Membrane#2 系列膜为主要研究对象制备了膜电极，并考察
了其在 H2/O2燃料电池中的应用。测试环境中不存在任何液体电解质，40℃的测
试温度下，燃料电池的开路电压为 1.034V，功率密度峰值为 48 mW cm-2，是在

























为 1:1，AIBN 作为引发剂，引发剂用量是单体的 1%(wt)，聚合助剂采用 0.01%(wt)




























  Fuel cells, as a sort of environment friendly and high-efficiency new energy technology, 
have wide application in communication, military and transportation. Alkaline anion 
exchange membranes fuel cells (AAEMFCs), is a branch of fuel cells, which combine the 
advantages of traditional alkaline fuel cells and polymer electrolyte membranes fuel cells. 
Due to the alkaline working condition in AAEMFCs, non-noble metal catalysts can be 
used in electrodes, and the transferring direction of OH
- 
opposes to that of the liquid fuel 
such as methanol, ethylene glycol and ethanol, which reduce the fuel permeability caused 
by electro-osmosis, furthermore in AAEMFCs water produced at the anode can be 
consumed as a reactant at the cathode simplify water management systems. 
   As a key component in AAEMFCs, anion exchange membranes are used to prevent 
electrolyte leakage between cathode and anode, and conduct anions. In this study, two 
kinds of anion exchange membranes have been prepared through two different ways. The 
physicochemical and electrochemical properties of the two kinds of anion exchange 
membranes were also characterized and their applications in AAEMFCs were evaluated. 
Multi-quaternary ammonium groups’ type anion exchange membranes prepared 
through pre-irradiation grafting method based on ETFE. The based membranes ETFE 
were pre-irradiated with a 
60
Co γ-ray source to a total dose of 90KGy in N2, subsequently 
monomers such as VBC, DABCO, DCX, and TMA were grafted onto the ETFE orderly. 
Then the resulting multi-quaternary ammonium groups’ type anion exchange membranes 
were alkalified by KOH to get the alkalization anion multi-quaternary ammonium groups’ 
type anion exchange membranes (AAEMs). According to the different degree of grafting 
of VBC, the resulting AAEMs were assigned as Membrane#1, Membrane#2, and 






















testing temperature increasing from 20℃ to 80℃. The series of Membrane#2 were 
selected for fuel cell performance study due to the highest ionic conductivities and proper 
chemical properties. Firstly, the membranes of Membranes#2 were made into membrane 
electrode assembly (MEA), and then the MEA were assembled into H2/O2 fuel cell testing 
system. The fuel cell system containing the AAEM produced for this study exhibited an 
open circuit voltage (OCV) of 1.034V and a maximum power density of 48mWcm
-2
 when 
current density was 69mA cm
-2
 at the operating temperature of 40℃.This type of 
multi-quaternary ammonium groups’ type anion exchange membranes is promising for 
use in alkaline fuel cells.  
Anion exchange membranes based on the copolymer of Dimethyl diallyl ammonium 
chloride (DMDAAC) and N-butyl methacrylate (BMA) prepared through 
polymerization and alkalization. The influence of solvent and initiator, and the effect of 
polymerization additive have been investigated in the polymerization; the conditions for 
polymerization have been optimized. Finally, the optimum reaction conditions were 
chosen as followed: toluene was used as solvent, volume ration of solvent and monomers 
was 1:1, 1 % (wt.) of AIBN was used as initiator, 0.01% (wt.) of Na2EDTA was used as 
polymerization additive, reaction time was 6h, and reaction temperature was 60℃. The 
anion exchange membranes based on the copolymers when the mole ratio of DMDAAC 
and BMA was 1:5, have the best properties. The IEC of the anion exchange membrane 





 at 30℃ in deionized water, and increased with the increasing of 




 at 90℃. The membranes also 
exhibited good thermal stability under 200 ℃. Therefore, the anion exchange membranes 
based on the copolymers of DMDAAC and BMA have perspectives for alkaline fuel cell 
applications. 
Key Words: Alkaline anion exchange membranes fuel cells; Anion exchange 
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月 UTC 动力公司生产的 PureMotion120 型质子交换膜燃料电池公交车以氢气作




























William Robert Grove 于 1939 年发明的，他在使用两个铂电极电解硫酸时发现，
析出的氢气和氧气具有电化学活性，能在两极产生约 1V 的电势差，串联几个这
样类似的装置，就可得到可供利用的电动势。―燃料电池‖这个概念是由 Ludwig 
Mond 和 Charles Langer 于 1889 年提出的。最早对燃料电池进行深入研究的学者
是 Friedrich Wilhelm Ostwald, 他从热力学理论上证实了，燃料的低温电化学氧化
优于其高温燃烧，并指出燃料电池的效率转化不受卡诺循环的限制。1932 年，
剑桥大学的 Francis Thomas Bacon 博士，用镍网作为气体扩散电极，以及采用不
易腐蚀电极的氢氧化钾作为电解质，制备了第一个碱性燃料电池——Bacon 电
池。1959 年在经历了 27 年的不断钻研，Bacon 博士制造出一台供电功率为 5kW
的，真正能工作的燃料电池。以上科研工作者的研究为今天人们所知的燃料电池
的快速发展奠定了理论和实践基础。 
燃料电池现代的发展开始于 20 世纪 60 年代初，美国通用汽车公司的两位化
学家 Willard Thomas Grubb 和 Leonard Niedrach，发明的以磺化聚苯乙烯离子交
换膜为电解质的燃料电池，首次作为主电源在飞船（Gemini 空间项目）上使用。
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